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Insights into the Binding Mechanism of IDPS from Molecular Simulation
Robert Best.
NIH, Bethesda, MD, USA.
No abstract.
27-Subg
Accessible Conformations of N-Terminal Acetylated Alpha-Synuclein: Im-
plications for Fibril Formation
Jean Baum.
Rutgers University, n/a, NJ, USA.
No abstract.
28-Subg
Diverse Transient Structures in Small Oligomers of a-Synuclein Probed by
Single-Molecule Force Spectroscopy
Michael Woodside1,2.
1National Institute for Nanotechnology, Edmonton, AB, Canada, 2Physics,
University of Alberta, Edmonton, AB, Canada.
Intrinsically-disordered proteins such as a-synuclein display a wide range of
behavior, from transient, fluctuating structures to stable oligomers and fibrillar
aggregates. We characterized the structures formed in individual a-synuclein
molecules and small oligomers by using single-molecule force spectroscopy
to determine the size of the structures, their stability, and their rates of forma-
tion. Applying force to single protein molecules with optical tweezers and
measuring the molecular extension as the force was ramped up to unfold any
structure that might have formed, we found that most often, no discrete struc-
tural transitions could be observed, as might be expected for a disordered pro-
tein. Some of the time, however, discrete transitions representing the unfolding
of a stable or metastable structure were observed. Even small oligomers formed
numerous metastable structures, with a surprisingly broad range of sizes.
Comparing the structures formed in monomers, dimers and tetramers, we found
that average stability increased with oligomer size. Most structures formed
within a minute, with size-dependent rates. Intriguingly, the pulling curves
that showed no evidence of discrete transitions nevertheless revealed the pres-
ence of rapid fluctuations at low force, arising from marginally-stable interac-
tions. These results provide a new window onto the complex landscape for
a-synuclein aggregation.
29-Subg
Control of Disorder and order in Signaling by Proteins
Richard Kriwacki.
St. Jude Children’s Research Hospital, Memphis, TN, USA.
Proteins serve as switches in signaling networks and their switch-like
behavior is often controlled by inputs such as ligand binding, post-
translational modification, changes in micro-environment (pH, oxidation
state), mechanical force, and light irradiation. Disordered proteins and do-
mains, which are prevalent in eukaryotic proteomes, often serve as hubs
within signaling networks. Motifs within disordered protein regions mediate
their multifarious interactions, and these interactions are often regulated by
post-translational modifications. Of course, folded proteins also participate
in signaling networks and also exhibit switch-like behavior. Interestingly,
we have observed that some folded proteins function as signaling switches
through transitions to disordered states due to ligand binding or post-
translational modification_a phenomenon we term ‘‘regulated unfolding’’. It
is well appreciated that many proteins that are disordered in isolation play
their regulatory roles by folding upon binding their biological targets. We
have observed that these proteins, in their functional, largely ordered bound
states, also experience regulated unfolding as a mechanism of signaling.
We will discuss several examples of regulated unfolding from the realms
of both folded and disordered proteins. Observations from us and others sug-
gest that the biological palette of protein disorder is more diverse than
currently appreciated. The emerging view is that both regulated order-to-
disorder and disorder-to-order transitions contribute to and enhance the func-
tional complexity of proteins.
30-Subg
NMR Studies of the free Energy Landscape of Intrinsically Disordered
Proteins in their free and Bound Forms
Martin Blackledge.
Institute de Biologie Structurale, n/a, France.
No abstract.31-Subg
Linking Intrinsic Disorder to Allosteric Regulation in the NMDAReceptor
Mark Bowen, PhD.
Physiology & Biophysics, Stony Brook University, Stony Brook, NY, USA.
Ionotropic glutamate receptors mediate excitatory synaptic transmission in the
central nervous system. Ligand binding to the extracellular domain triggers
opening of a transmembrane ion channel domain allowing sodium influx.
The NMDA-sensitive receptor subtype also permits calcium influx, which
plays important roles in regulating synaptic strength. With the evolution of ver-
tebrates, the NMDA receptor isoform GluN2B acquired a large cytoplasmic
domain (CTD) that enables allosteric modulation by Src kinase. GluN2B-
containing receptors are inhibited by extracellular zinc but the block can be
reversed by phosphorylation of two tyrosine residues in the distal CTD. The
mechanism whereby the CTD affects gating of the ion channel is unknown.
The CTD is predicted to contain large stretches of intrinsic disorder. A central
palmitoylation motif splits the CTD into two domains. Using ensemble bio-
physical and biochemical methods, we confirmed that the distal cytoplasmic
domain (CTD2) is a disordered globule. Single molecule FRET revealed sto-
chastic transitions that appear to arise from slow conformational dynamics
on the second timescale. We found that Src phosphorylation caused a uniform
expansion of the polypeptide. We were able to induce compaction in CTD2 by
removing proline residues, which retarded the Src-induced expansion. Scan-
ning mutagenesis also revealed a role for proline in aggregation as well as
CTD2 binding to small molecules, like the fluorophore ANS, and a PDZ
domain involved in synaptic targeting of the receptor. Thus, proline appears
to modulate the attractive potential of short linear motifs within regions of
intrinsic disorder. In the context of the native NMDA receptor, proline deple-
tion near the Src phosphorylation sites uncoupled allosteric regulation of the
channel by zinc and eliminated the zinc block. This suggests that allosteric
modulation is linked to the conformational dynamics within the disordered
cytoplasmic domain.
32-Subg
Decoding Sequence-Ensemble Relationships of IDPS
Rohit Pappu.
Biomedical Engineering, Washington University, St. Louis, MO, USA.
Synthesis of various independent observations suggests that IDPs can be clas-
sified as globule vs. coil formers based on their net charge per residue. Closer
scrutiny of the resultant classifications reveals considerable complexity and
conformational richness that is masked by considerations of amino acid compo-
sition alone. I will present results from our recent work on polyampholytic
IDPs, which show that conformational properties of at least a third of naturally
occurring IDPs are governed by the linear sequence distribution of oppositely
charged residues. This has implications for de novo design of sequence-
ensemble relationships as a tool for modulating functions of IDPs. Preliminary
results highlighting the utility of sequence design to afford tunability of IDP
functions will be discussed. Finally, I will close with a discussion of recent ad-
vances that are allowing us to probe how being in cis to ordered domains mod-
ulates the sequence-encoded conformational properties of intrinsically
disordered regions.
Subgroup: Nanoscale Biophysics
33-Subg
Nanoscale Mechanisms Underlying HIV-1 Viral Particle Assembly and
Release
Jennifer Lippincott-Schwartz, Prabuddha Sengupta, Antony Chen,
Schuyler van Engelenburg.
NICHD, NIH, Bethesda, MD, USA.
The Human Immunodeficiency virus (HIV-1) life cycle involves several highly
choreographed steps during which the virus assembles at the plasma membrane
(PM) of an infected cell and buds off the membrane as a viral particle. We have
used conventional and superresolution imaging approaches to investigate the
cell biological mechanisms underpinning three key steps in the viral assem-
bly/budding pathway: clustering of the viral coat in the plasma membrane;
recruitment of proteins into the viral bud; and virus budding off the membrane.
In the first step involving viral Gag coat assembly, we show it is critically
dependent on viral and/or host mRNA, which drives Gag clustering through
RNA-Gag electrostatic interactions. In the second step involving protein
recruitment into the viral bud, we demonstrate that Env proteins incorporate
into viral buds through dynamic partitioning into a specialized microenviron-
ment created by multimerization of Gag at the PM. In the final step involving
viral abscission from the PM, we examine the 3D molecular organization of
6a Saturday, February 15, 2014ESCRT machinery with respect to HIV bud sites using iPALM to gain critical
insight. We find ESCRT-III proteins assemble within the head of the budding
virion, not the base as previously proposed. This later finding prompts a reeval-
uation of current models for ESCRT-III scaffolding, and suggests that ESCRT
abscission initiates from within the head of the budding virion.
34-Subg
Nanoplasmonics Meets BIO
Jochen Feldmann.
Ludwig Maximilians Universitaet, Munich, Germany.
I will report on our recent efforts to utilize some of the unique plasmonic prop-
erties of noble metal nanoparticles for sensing and controlling nano- and micro-
scale processes in aqueous solution. The use of optical forces and of local
optothermal heating is in the focus of our investigations. Examples range
from controlled laser printing with nanoscale precision via the study of
DNA-binding events to the purely optical detection of a single rotating
bacterium.
35-Subg
Single Molecule Fluorescence Studies of Protein Aggregates and their role
in Neurodegenerative Disease
David Klenerman.
Cambridge University, Cambridge, United Kingdom.
Small soluble protein aggregates are thought to play a key role in the initial
development of neurodegenerative diseases, such as Alzheimer’s and Parkin-
son’s disease, but are difficult to study using conventional methods due to their
low concentration and dynamic and heterogeneous nature. We have developed
single molecule fluorescence based methods to detect and analyse the protein
oligomers formed during an aggregation reaction, with time, and to study
how these oligomers interact with the membrane of live neuronal cells. I will
present recent work from our laboratory on beta amyloid, tau and alpha synu-
clein oligomers to show how such quantitative studies can provide new insights
into both the aggregation pathway and also the molecular mechanism of
cellular damage, allowing us to put forward a model for the disease onset.
36-Subg
Engineering Electron Nanoconduits to Electronically Interface Cells with
Materials
Caroline M. Ajo-Franklin.
Materials Sciences Division, Lawrence Berkeley National Lab, Berkeley,
CA, USA.
My laboratory is particularly interested in manipulating processes at the nano-
interface between living cells and inorganic materials. In my talk, I will
discuss our efforts to engineer bi-directional electronic communication be-
tween living cells and non-living systems by introducing protein-based elec-
tron nanoconduits into cell membranes. We have recently demonstrated that
by transplanting synthetic genes into the model organism Escherichia coli
we can express these electron nanoconduits and confer upon these cells the
ability to reduce metal ions, solid metal oxides, and electrodes. Additionally,
these engineered E. coli cells are able to respire using these extracellular ma-
terials instead of its native respiratory pathways. This work provides the first
example of a predetermined, molecularly-defined route for electronic commu-
nication between living cells to inorganic materials. Ultimately we seek to
exert such control over processes at the cellular-inorganic nanointerface that
our engineered cells become a new generation of self-replicating, programma-
ble ‘living materials’.
37-Subg
Advances in Live Cell Nanoscopy
Joerg Bewersdorf.
Cell Biology, Yale School of Medicine, New Haven, CT, USA.
Optical nanoscopy, or super-resolution microscopy, overcomes the diffraction
limit of light and enables fluorescence microscopy at ~25 nm resolution - about
10-fold better than conventional fluorescence microscopy [1]. Over the last
years, the field has seen a number of conceptual and technological advances
which have expanded the range of biomedical applications significantly. In
my presentation, I will focus on progress in live-cell STED and single-
molecule switching (FPALM/PALM/STORM) nanoscopy and will present
new developments and applications in this area [2].
[1] T.J. Gould, S.T. Hess, and J. Bewersdorf (2012). ‘‘Optical Nanoscopy: from
Acquisition to Analysis’’, Annual Review of Biomedical Engineering
14:231-254.
[2] F. Huang, T.M.P. Hartwich, F.E. Rivera-Molina, Y. Lin, W.C. Duim, J.J.
Long, P.D. Uchil, J.R. Myers, M.A. Baird, W. Mothes, M.W. Davidson, D.
Toomre, J. Bewersdorf (2013). ‘‘Video-rate nanoscopy using sCMOScamera-specific single-molecule localization algorithms’’, Nature Methods
10(7): 653-658.
38-Subg
Single-Molecule Observation in the DNA Origami Nanostructures
Hiroshi Sugiyama.
Kyoto University, Graduate School of Science & WPI-iCeMS, Japan.
Direct observation of the movement of biomolecules including enzymes and
DNAs should be one of the ultimate goals for investigating the detailed me-
chanical behavior of the molecules during the reactions. We designed various
DNA nanostructures using DNA origami method for the preparation of single-
molecule observation scaffolds. Using the designed DNA scaffold and high-
speed atomic force microscopy (AFM), the single-molecule behaviors of the
DNA modifying enzymes, repair enzymes, and recombinases were observed
in the target double-stranded DNAs (dsDNAs) placed in the DNA frame struc-
ture. DNA structural changes including G-quadruplex formation and B-Z DNA
conformational change were also visualized. Using this system, we observed
the photo-induced DNA hybridization and dissociation by detecting the global
structural changes of the incorporated two dsDNAs in the DNA frame structure.
A pair of azobenzene-modified oligonucleotides (ODNs) was employed, which
forms duplex in the trans-form and dissociates in the cis-form. During UV-
irradiation, hybridized azobenzene-modified ODNs at the center dissociated,
and the subsequent visible-light irradiation induced the hybridization of the
photoresponsive ODNs, meaning that the reversed switching behavior such
as the hybridization and dissociation was directly visualized at the single-
molecule level. These photoresponsive ODNs were also used for controlling as-
sembly and disassembly of the hexagonal DNA origami structures with photo-
irradiation. The combination of the designed DNA scaffold modified with
target DNA strands and high-speed AFM is valuable for visualizing and
analyzing the single enzymatic and chemical reactions.
39-Subg
Single Cell Genome Analysis
Stephen Quake.
Stanford Univ, Stanford, CA, USA.
No abstract.
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40-Subg
The Machines that Fold Proteins in the Eukaryotic Cytosol
Judith Frydman.
Stanford University, Stanford, CA, USA.
No abstract.
41-Subg
Unexpected Functions of the CLP AAAD Unfoldases
Tania Baker.
MIT, Cambridge, MA, USA.
No abstract.
42-Subg
Coil-Coil Under Load: Stability of Essential Machine Component
Ron Elber.
Computer Sci Dept, University of Texas at Austin, Austin, TX, USA.
A molecular machine like myosin needs to work in cycles and resists the pos-
sibility of an overload. A critical component of myosin is the coiled-coli struc-
ture of two amphipathic alpha helices that helps transmit load and are found in a
wide range of motor and structural proteins. What are the mechanical benefits
of the coiled-coil structure and the specific sequence design found in the
myosin protein? In this talk I will discuss a ‘‘load release valve’’ that is natu-
rally designed into the coiled-coil sequence and structure. The valve responds
to external load and undergoes significant conformational transition to reduce
load levels and strain ensuring that a recovery path (and closure of the valve
when appropriate) is simple, reliable and remarkably fast.
43-Subg
Starling’s Law at Small Scale: Surprising Sub-Cellular Adaptation of
Cargo Transport to Opposition to Motion
Steven P. Gross, PhD, J.N. Babu Reddy.
Developmnetal and Cell Biology, University of California, Irvine, Irvine,
CA, USA.
Most sub-cellular cargos are transported along microtubules by a combination
of kinesin and dynein, and how this transport is regulated is not well
